Introduction {#S0001}
============

Indonesia had the second-highest acquired immunodeficiency syndrome (AIDS)-related death among Asia and the Pacific countries in 2018.[@CIT0001] The human immunodeficiency virus (HIV) primarily attacks T helper (CD4+) lymphocytes. The human immunodeficiency virus (HIV) infection causes the immune system to weaken so the host becomes more susceptible to various infections and malignancies.[@CIT0002] The spectrum of diseases that can lead to morbidity and mortality in HIV infection is very broad. The causes of opportunistic infections in HIV/AIDS can be protozoan, bacterial, viral, or fungal infections.[@CIT0003] Mortality from AIDS is often associated with the reactivation of a herpes virus infection. Human herpesvirus-6 (HHV-6) is not usually associated with disease in the immunocompetent, but a major cause of opportunistic infection in HIV-infected individuals. HHV-6 infection can upregulate HIV replication and accelerate progress towards AIDS.Figure 1Subtype of HHV-6 based on sex and age.

Human herpesvirus-6 (HHV-6) is a T lymphotropic herpesvirus belonging to the *Betaherpesvirinae* subfamily.[@CIT0004] HHV-6 is one of the most prevalent herpesviruses in humans. It is a causative agent for exanthema subitum in children.[@CIT0005] The two variants of HHV-6A and HHV-6B have an overall genetic identity of 90%.[@CIT0006] HHV-6 infections generally occur asymptomatically in healthy people and may also cause infection with mononucleosis-like syndrome and chronic fatigue syndrome in adults, and cause sixth disease (exanthema subitum) in children.[@CIT0007],[@CIT0008] In patients infected with HIV, the impact of HHV-6 infection can be an up-regulator of HIV replication and accelerate progress towards AIDS. There is clearly a relationship between Human Herpesvirus-6 (HHV-6) and HIV-1, where these two viruses have primary CD4+ T cell receptors.[@CIT0009]

HIV plasma viral load has become the standard for monitoring antiretroviral (ARV) therapy. This is used as a marker of ARV responses and the development of HIV disease that has been used to manage and monitor HIV infection. Pre-ARV viral load levels and the decrease of viral load after ARV initiation can provide the prognostic information on the possibility of developing the disease.[@CIT0010] An HHV-6 infection that occurs in people with immunosuppression is the most serious clinical manifestation associated with HHV-6 infection or reactivation.[@CIT0011]

We, therefore, decided to investigate the presence of this virus by using a highly sensitive and variant-specific PCR method and its correlation with HIV plasma viral load. Hence, the aim of our study was to evaluate the virus in the PBMC of HIV-infected individuals and healthy controls from Surabaya because no epidemiological data is available in Indonesia.

Materials and Methods {#S0002}
=====================

Study Area and Design {#S0002-S2001}
---------------------

Samples were collected from HIV-positive adults at Universitas Airlangga Hospital between October and December 2016. The healthy control samples were collected from people living in Surabaya in June 2018. This study is an observational analytic study with a hospital-based, sex-matched case-control approach. All the samples were tested with HIV-1/2 antibody using Abbexa HIV-1/2 antibody Kit (Cat.no. 364861) ([[dx.doi.org/10.17504/protocols.io.7gyhjxw](http://dx.doi.org/10.17504/protocols.io.7gyhjxw)]{.ul}). There were 79 patients undergoing antiretroviral therapy and 6 naïve patients from HIV-infected group. Eighty-five plasma and PBMC samples were collected and used a control from healthy controls, which was the same number as the HIV-infected samples.

Informed Consent and Ethical Approval {#S0002-S2002}
-------------------------------------

Basic clinical details were collected from the patients to provide general information. Subsequently, informed consent was obtained from each patient before any samples were collected. The authors confirm that all participants were adequately informed of the aims of the study and voluntarily provided written informed consent for their details to be used in this study. We also ensured that all patient-identifying information/data were anonymized, and only code numbers were used for matter of confidentiality. The ethics approval for the study was obtained from the Ethics Committee of Universitas Airlangga Hospital.

Inclusion and Exclusion Criteria {#S0002-S2003}
--------------------------------

### Inclusion Criteria (Case Samples) {#S0002-S2003-S3001}

Patients confirmed positive of HIV by ELISA antibody's, not in conditions of long-term use of immunosuppressive drugs such as corticosteroids or cytostatics and confirmed with written informed consent.

### Inclusion Criteria (Control Samples) {#S0002-S2003-S3002}

The negative HIV samples were checked by ELISA antibody's, not in conditions of long-term use of immunosuppressive drugs such as corticosteroids or cytostatics and confirmed with written informed consent.

### Exclusion Criteria (Case and Control Samples) {#S0002-S2003-S3003}

Pregnant women and refused to include in this research.

PCR Detection {#S0002-S2004}
-------------

DNA was extracted from PBMC ([<https://dx.doi.org/10.17504/protocols.io.7j5hkq6>]{.ul}) using the Promega Wizard Genomic DNA Purification Kit (Cat.no. A1120) ([[dx.doi.org/10.17504/protocols.io.7j6hkre](http://dx.doi.org/10.17504/protocols.io.7j6hkre)]{.ul}), while RNA was extracted from plasma using the Qiagen QIAamp DSP virus Kit (Cat.no. 61704), both according to manufacturer instructions. Nested PCR was performed on DNA extracted from peripheral blood cells. Nested gB genes primer sets were designed to detect HHV-6 and IE genes to determine the subtype. The primer was set and provided by the Department of Clinical Virology, Kobe University. Outer primer of gB genes 5ʹ-TTCGGATGATTATATCAGAG-3ʹ and 5ʹ- ACTAAACACCGTACCATC-3ʹ and inner genes 5ʹ-CGGTTCGACAGAGATATTTCG-3ʹ and 5ʹ-ATCGCTACGGCTGAATAACACTG-3ʹa generated 260 bp. The PCR amplification of HHV-6 was done at 94 °C for 1 min, followed by 35 cycles of 1 min at 94 °C, 1 min at 55 °C and 1 min at 72 °C, with a final extension step (10 mins at 72 °C) to allow complete extension of the amplicons. To distinguish the virus, we used a set nested primer, outer primer 5ʹ- GAAGGAGTGACCTCTGGTGGTGAA-3ʹ and 5ʹ- GAATCTATCCATGAAGATGATGA-3ʹ. And inner primer 5ʹ- GGTGCTGAGTGATCAGTTTCA-3ʹ and 5ʹ- CAAACAAGCCCTAACTGTGTA-3ʹ generating a 206 bp product HHV-6A and 431 bp product HHV-B. PCR products were run in a 1.5% agarose gel and visualized by ethidium bromide staining. RNA HIV viral load was quantified using commercial kit real-time PCR (artus HI Virus-1 RG RT-PCR, Qiagen, Germany) and was performed according to the manufacturer's instruction. The data obtained were analyzed using statistical software (SPSS version 21.0).

Results {#S0003}
=======

The HIV-infected individuals involved in this study comprised of 64 males and 39 females, with a mean age of 37 years (range 18--64 years). We found HHV-6 17.6% (15/85) of HIV-infected individuals and 3.5% (3/85) in healthy controls ([Table 1](#T0001){ref-type="table"}). HHV-6B was found in 80% (12/15) of the patients, HHV-6A in 13.3% (2/15) and both were found in 6.6% (1/15) of HIV-infected individuals, while HHV-6B was detected in all samples from the healthy controls ([Figure 1](#F0001){ref-type="fig"}). None of the HHV-6 infected from HIV-positive were naïve patients. The results of the HHV-6 detection of HIV-infected individuals and healthy controls have differ amongst them on the SPSS Chi-Square test, and obtained a value of p= 0.003 (odds ratio 5.85; 95% confidence interval, 1.6--21), but here was no correlation between the DNA HHV-6 and HIV plasma viral load ([Table 2](#T0002){ref-type="table"}), where p= 0.28.Table 1Infection of HHV-6 Based on Sex and AgeHHV-6HIV-InfectedHealthy Controlsn%n%SexMale (n=64)1120.723.1Female (n=39)412.512.7Age (years)18 -- 30 (n=23)28.728.731 -- 40 (n=36)616.60041 -- 50 (n=20)31500\>50 (n=6)466.6125 Table 2Correlation of HHV-6 to HIV Viral LoadViral Load HIV (Copies/mL)Totalp value0--\>5050--5000\>5000HHV-6 infectionNegative34275700.28\*Positive55515Total39321085[^1]

Discussion {#S0004}
==========

Herpesvirus infections are common in HIV-infected individuals. Immunosuppression due to advancing HIV disease has been associated with the increasing frequency and prolonged duration of the reactivation of herpesvirus infections. In vivo studies about the interaction between HIV and HHV-6 proves an increase in the progress of HIV replication.[@CIT0009] In this study, 17.6% and 3.5% of HHV-6 DNA was detected among HIV-infected individuals and healthy controls PBMC samples, respectively. These results were lower than previous studies conducted in America, where it amounted to 75% of HIV-infected,[@CIT0014] while in healthy persons are 29%,[@CIT0015] and even 90%.[@CIT0016] In other countries, Latvia 8%[@CIT0017] and France 16.5%[@CIT0018] of healthy donors were positive for HHV-6.

The detection of HHV-6 using qualitative PCR in PBMC and serum does not indicate latent infection or active infection.[@CIT0019] Detection using real-time PCR is more sensitive to indicate active or latent infection based on the HHV-6 viral load number in PBMCs. Viral loads over 1000--100,000 copies/mL indicate an active infection.[@CIT0019] This study was unable to indicate latent or active infection. In another study by Flamand et al (2008), the detection of HHV-6 in body fluids including plasma, serum, and cerebrospinal fluid indicated active HHV-6 infection.[@CIT0012] Conversely, the use of plasma, although easier, creates controversy regarding the origin of viral DNA present in the blood compartment, which is associated with the production of viruses from the lymphoid tissue or incidental release of DNA from circulating cell lysis.[@CIT0012] The high sensitivity of real-time PCR and the presence of latent HHV-6 infections in adults leads to a high frequency of qualitative positive detection of viral DNA. Therefore, for proper interpretation, the amount of HHV-6 DNA in the blood must be calculated precisely. To date, no threshold has been formally defined as the boundary between latent and active infection. As a preliminary estimation, the 1000 copies genome equivalent per milliliter threshold of all blood represents a fluctuating gray zone that separates the two stages of HHV-6 infection.[@CIT0013]

Previous studies explain that HHV-6 can be an important factor in the pathogenesis of immunological damage and accelerate the development of HIV-1 into AIDS.[@CIT0009] The cytopathic effect of two viruses synergistically used the damage of CD4+ T cells.[@CIT0009] HHV-6 infection or reactivation in AIDS patients increases the HHV-6 viral load in lymph nodes, blood (viremia), and the infections can spread to many organs, active CNS infections, pneumonitis, and retinitis and can cause death.[@CIT0011] In addition to co-infection, when observed in vivo and in vitro, HHV-6 promotes HIV replication through increased regulation of cytokines (for example, TNF and IL-1ß) and transactivation of long terminal repeat by IE-A and IE-B.[@CIT0020] In the 2015 research report of Agut et al, cases of HHV-6 active infections associated with primary infection, reactivation, and exogenous reinfection are asymptomatic and will cause serious infections in immunocompromised people.[@CIT0019]

These results show that HHV-6B is dominant in the HIV-positive samples at 80% (12/15). The HHV-6A subtype was found in only 13.3% (2/15), while both HHV-6A and HHV-6B were found in only one sample 6.6% (1/15). All HHV-6 detected in donor samples were HHV-6B.

HHV-6 infection is usually acquired in infants, between 6 months and 2 years, following the loss of maternal antibodies.[@CIT0011] Primary infection can also occur later, in adults. In most countries, primary HHV-6B infection occurs first, in many cases related to clinical symptoms, whereas HHV-6A is obtained later, through asymptomatic infection. Finally, it can be detected that HHV-6A and HHV-6B in the blood or tissue of adults shows that both viruses infect many chronically.[@CIT0016]

The analysis of the results of the highly active antiretroviral (HAART) treatment showed that patients on ARV treatment were the most infected with HHV-6. HIV-positive patients on a highly active antiretroviral treatment would not act on a herpes virus infection but could prevent the reactivation of these viruses.[@CIT0021] In an EBV infection, HAART treatment to improve CD4+ T cell restoration while contributing to lower HIV viral load does not affect.[@CIT0022] A herpesvirus infection is more likely to be found in HAART patients with high CD4 T cell counts. This finding can support that the coinfection of HIV and herpesviruses enhances CD4 T cell proliferation and thus broadens the types of target cells susceptible to HIV infection.[@CIT0022]--[@CIT0026]

In this study, HIV immunocompromised patients showed amounts of HIV plasma viral loads ranging from undetected to a high viral load. HHV-6 infection in PBMCs shows no correlation with the amount of HIV viral load. This is indicated by the quality of life of people living with HIV. Factors affecting the quality of life of people with HIV include regularity of the use of antiretroviral therapy, the influence of nutrition, patient environment, and support from surrounding people. The antiretroviral therapy used is beneficial for the quality of life of the patient. The quality of life of the patient is optimally enhanced and maintained for as long as possible.[@CIT0027]

Conclusion {#S0005}
==========

The presence of HHV-6 in HIV-infected people was higher than healthy persons. This study made it possible for the circulating HHV-6 among them. It indicates the emergence of HHV-6 infection among HIV-infected individuals residing in Surabaya, Indonesia.
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[^1]: **Note:** \*correlation is not significant.
